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Introduction
Dendrimer is a polymeric material, which is of novel type. 
Uniqueness in the structure, molecular weight and shape 
having high degree of control, are the parameters, which led 
to the synthesis of unimolecular micelles [1-4]. By molecular 
simulation many dendrimers have been synthesized fairly on 
a large scale and are characterized experimentally [5]. These 
possible applications of the polypropylene imine dendrimers are 
generally based on the following characteristics: larger number 
of readily accessible end groups; regular size and shape; either 
nitrile or amine; possibility of end group modification in order 
to tailor properties such as reactivity, toxicity, solubility, stability, 
temperature, polyelectrolyte character, glass transition and 
possibility of encapsulating guest molecules [6]. Prednisolone is 
a corticosteroid drug with predominant glucocorticoid and low 
mineralocorticoid activity, making it useful for the treatment of 
a wide range of inflammatory and some cancers such as acute 
lymphoblastic leukemia. As a synthetic glucocorticoid (GC), 
its lipophilic structure allows for easy passage through the cell 
membrane where it then binds to its respective glucocorticoid 
receptor (GCR) located in the cytoplasm. Upon binding, formation 
of the GC/GCR complex causes dissociation of chaperone 
proteins from the glucocorticoid receptor enabling the GC/GCR 
complex to translocate inside the nucleus. This process occurs 
within 20 minutes of binding. Once inside the nucleus, the 
homodimer GC/GCR complex binds to specific DNA binding-sites 
known as glucocorticoid response elements (GREs) resulting in 
gene expression or inhibition. Complex binding to positive GREs 
leads to synthesis of anti-inflammatory proteins while binding to 
negative GREs block the transcription of inflammatory genes [7]. 

Corticosteroids inhibit the inflammatory response to a variety of 
inciting agents and, it is presumed, slow healing. The current study 
aims at developing and exploring the use of PEGylated newer PPI 
dendrimers for delivery of anti-leukemic drug, Prednisolone. 

Based on its anti-leukemic activity, short biological half-life 
and solubility characteristics, prednisolone was selected for 
incorporation into PEGylated ethylene diamine - PPI dendrimers. 
PEGylation of PPI dendrimers establishes PEGylated dendrimer as 
a suitable drug delivery system for Prednisolone. The hemolytic 
study of this delivery system could be safely administered 
through i.v. route. By delivering the drug for a prolonged period 
at a controlled rate, we expect that this approach will improve 
the management of drug therapy in leukemic patients.

Materials and Methods
Materials
PEG4000, Reney Nickel was obtained from Sigma, Germany, Raney 
Nickel was procured from Merck pharmaceuticals private Ltd., 
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Mumbai, India, Triethylamine, dioxan, ethylene diamine, N, N 
dicy-clohexylcarbodiimide (DCC), Cellulose dialysis bag MWCO 
12-14 Kda, Himediaprivate Ltd., India, 4 dimethyl amino pyridine 
SD- fine chemicals private Ltd., Mumbai, India, Prednisolone was 
gifted from Shasunpharmaceuticalsprivate Ltd, Chennai, India.

Synthesis of 5.0G PPI dendrimers
Double Michael addiction reaction occurs between acrylonitrile 
and aqueous solution of ethylene diamine which leads to the 
half generation EDA-dendrimer-(CN) 4n was synthesized. Next to 
the exothermic initial phase, the mixture was heated for 1 h at 
80ºC to complete the addition reaction. By vacuum distillation, 
excess of acrylonitrile was removed. Later, use of Raney nickel 
as catalyst, the hydrogenation in methanol for 1 h at 70ºC and 
40 atm hydrogen pressures the EDA-dendrimer-(NH2)4n of full 
generation was synthesized. Then the reaction mixture was cooled 
and filtered. Under reduced pressure the solvent was evaporated 
[7]. The product was then dried under vacuum. By repetition of 
all the above steps consecutively, EDA-PPI dendrimers up to 5.0G 
were prepared with acrylonitrile in increasing quantity [8]. The 
scheme of the synthesis is shown in Figure 1.

Synthesis of PEGylated 5.0G PPI dendrimers
To a solution of PEG 4000 (0.32 mmol) in DMSO (10 ml), N, N 
dicyclohexylcarbodiimide (DCC) (0.32 mmol) in DMSO (10 ml) 
and 5G EDA-PPI dendrimer (0.01 mmol) in dimethyl sulfoxide 
(DMSO) (10 ml) were added together. At room temperature, the 
resultant solution was stirred for 5 days. By addition of water, the 
product was precipitated, dialyzed and filtered by MWCO 12-14 
Kda, Himedia, India. It was done against double distilled water 
for 24 h to remove free PEG 4000, DCC and partially PEGylated 
dendrimers.Laterthe lyophilization was done by Hetodrywinner, 
Germany [8]. The synthesis was shown in Figure 2.

Drug Loading in PEGylated dendrimers
PEGylated-PPI dendrimers of known molar concentrations 
(0.36:3.521, 0.36:7.042, 0.36:14.084 g/mole) of drug and 

PEGylated polymer were dissolved separately in 100 ml methanol 
respectively for the loading of each ratio of drug and polymer used. 
Next they were mixed with methanolic solution of Prednisolone. 
Using teflon beads the mixed solutions were incubated with 
slow magnetic stirring at 50 rpm for 24 h. These solutions were 
twice dialyzed in cellulose dialysis bag of MWCO 1000 Da Sigma, 
Germany. It was done against double distilled water under sink 
conditions for 10 min to remove free drug from the formulations. 
Later it was estimated spectrophotometrically at λmax 248 nm by 
using UV-1601, Shimadzu, Japan to determine the amount of drug 
loaded within the system indirectly. The dialyzed formulations 
were lyophilized and used for further characterization. 

Biodistribution study
To conduct the distributiobn study in rats the study was 
approved the proposal number (8/IAEC/VPC/Pharma/Res/2011-
2012) by Institutional animal ethics committee (IAEC) under 
registration number of 1499/po/a/11/CPCSEA. Biodistribution 
studies of prednisolone loaded PEGylated dendrimer and plain 
prednisolone were performed in rats bearing with AML-193 
leukemia .Prednisolone levels in the blood and various organs 
were estimated by HPLC method. Separation was carried 
out on reversed-phase C18 column (250 4.6 mm, 5) and the 
column effluent was monitored by UV detector at 254 nm. The 
mobile phase of methanol–glacial acetic acid–dichloromethane 
(1.5:8.0:90.5, v/v/v in Milli-Q water) was used at a flow rate was 
1.8 mL/min and the room temperature fluctuated from 15°C to 
20°C. The injection volume was 10 µL [9].

Statistical analysis
The results are expressed as mean ± standard deviation (S.D.) 
(n=3) and statistical analysis was performed by Graph PadInStat 
version 3.00.
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Figure 1 Schematic diagram for synthesis of PPI-5G dendrimer.
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Results and Discussion
Synthesis and characterization PEGylated 
dendrimers
FTIR and NMR spectroscopy: PPI 5.0G dendrimers were 
synthesized with slight modification of the procedure reported by 
Kumar et al., using ethylene diamine as initiator core. Synthesis 
of 0.5G PPI was confirmed by IR peaks, mainly of nitrile at 2248 
cm-1. All the nitrile terminal 0.5G PPI got converted to (NH2)4, 
which was confirmed by IR of PPI 1.0G that exhibited major peak 
at 3284.78 cm-1 for amine (N-H stretch). Likewise, IR peaks also 
confirmed the synthesis of PPI 5.0G dendrimers. The main peaks 
are of C-C bend (1115.21 cm-1); C-N stretch (1243.44 cm-1, 1374.50 
cm-1); C-H bend (1477 cm-1); N-H deflection of amine (1665.40 
cm-1) and primary amine at 3410 cm-1(N-H stretch), confirming 
that amine terminals were converted from nitrile terminal groups 
of dendrimer. The results matched with the reported synthesis 
of PPI dendrimers. The synthesized dendrimers were PEGylated 
using DCC and PEG 4000. IR and NMR data proved the synthesis 
of PEGylated dendrimers. The IR spectrum of PEGylated PPI 
5.0G dendrimer exhibited major peak of N-H stretch of amide 
at 3324.70 cm-1. An important IR peak at 1242.75 cm-1 of ether 
linkage (C-O) appears in the spectrum of PEGylated dendrimers. 
C-O stretch of amide group has been found near 1624.29 cm-

1. The important peak of C-N stretch of amide also appears at 
2925.43 cm-1. NMR spectrum and shifts of PEGylated dendrimers 
as compared to that of simple dendrimers proved PEGylation. 
There was increase in integral value for the shift of secondary 
-CH2 groups on PEGylation. This is due to the increase in number 
of secondary -CH2 groups in PEG that are linked on PEGylation. 
Similarly, strong peak of ether linkage appears at 3.507 ppm 
due to the presence of ether linkages in PEG in high amount, 
remaining free amines –CH2-NH2 appears at3.341-3.410 ppm. 
The characteristic peak of amide linkage appeared near 2.504 
ppm and 2.496 ppm for carbonyl -CH2C=O in NMR spectrum of 
PEGylated dendrimers.

Drug loading in to the PEGylated dendrimers
The known molar concentrations (1:0.5, 1:1, 1:2) of PEGylated-
PPI dendrimers and drug Prednisolone , was used to load the 
drug in to PEGylated dendrimer system for getting optimized 
formulation. Dendrimeric terminal end groups [10], dendrimer 
generation [11], dendrimer concentration and PH [12]. 
Dendrimer based solubilization is due to hydrophilic-hydrophobic 
interaction, ionic interaction and encapsulation of hydrophobic 
drugsinto crevices of dendritic architecture. Non-covalent 
interactions between Prednisolone and PEGylated PPI 5.0G 
dendrimers, such as hydrophobic interaction and hydrogen 
bonding, contributed to the physical binding of drug molecules 
inside dendritic micelles and surface PEG layers. The percentage 
loading of both the drugs in PEGylated PPI 5.0G dendrimers was 
significantly increased in 1:1 ratio of dendrimer: drug for the 
formulation (p value 0.0001, extremely significant) compared to 
1:0.5 and 1:2 molar concentration of both the drugs respectively. 
PEGylation increases the Prednisolone loading capacity of the PPI 
5.0G dendrimers due to more interaction of drug and PEG at the 
peripheral portions of dendrimers. Prednisolone entrapment in 
PEGylated dendrimers increased significantly due to more sealing 
of dendrimeric structure by PEG at the peripheral portions of 

dendrimers as coat, which prevented drug release by enhancing 
complexation probably by increasing steric hindrance over 
dendrimer periphery. Number of moles of the drug entrapped 
in 1 mol of PEGylated dendritic architecture was found to be in 
1:1 ratio of dendrimers and drug is suitable as 89.20 ± 0.2 mol 
for Prednisolone as compared to 7.28 ± 1.9 mol in 1:0.5 molar 
concentration and 48.4 ± 1.2 molar concentrations in 1:2 ratio. If 
the drug entrapment is more than the required quantity leads to 
toxic to the host, increase in size leads to internal pressure were 
by leakage of drug from the system may happen. So the study 
considered to take up only the 1:1 ratio molar concentration 
followed in the preparation. 

Biodistribution of prednisolone from 
dendrimeric formulation 
In order to understand the fate of drug loaded PEGylated PPI 5.0 
G dendrimers in vivo, the biodistribution to various major organs 
was investigated. The formulation 10 mg/ml was administered 
through oral rout for each animal in the group taken for the 
study. The amount of drug in the body depends upon its release, 
distribution, metabolism and excretion from the body. The 
biodistribution of prednisolone is generally more in bile and 
excretion is mainly through kidneys. However, due to sustained 
drug delivery and long circulatory nature, PEGylated PPI 5.0G 
dendrimers made the drug molecules more available in blood 
than in bile for longer period. The amount of plain drugs in 
different metabolic and excretory organ was found to be higher 
at 4th hr as compared to PEGylated dendrimer formulation, which 
indicated slow release pattern from the PEGylated dendritic 
formulations.

The amount of drug in the case of plain prednisolone was found 
to be 303 ± 2.6 ng/ml in kidneys at 4th hr, which was higher as 
compared to PEGylated dendritic formulation (201 ± 4.7 ng/ml). 
The reversal of the position at the 8th hr indicated that most of 
the plain drug was eliminated out of the body [9]. In liver it was 
estimated that nearly 170 ± 2.7 ng/ml than the free Prednisolone at 
8 th hour. Parellely lung and spleen shows the drug absorption of 274 
± 6.5 and 216 ± 3.9 ng/ml respectively, which is expected distribution 
of Prednisolone from the dendrimeric formulation. The presence of 
the higher amount of drug in the excretory organs at the 8th hr 
in the case of PEGylated dendritic formulations are tabulated in 
Table 1, demonstrates slow release of drugs from them. Similar 
results were observed in the case of lungs also. PEGylation have 
reduced the hepatic and bile accumulation of the drugs. These 
results agreed with the reports that the PEGylation of drug 
carriers such as nanoparticles and other polymer could improve 
their biodistribution characteristics of drugs [13].

Conclusion
By reducing non-specific interaction with biomolecules. 
Consequently PEGylation is also able to improve the 
biodistribution properties of the dendrimeric drug carriers such 
as PPI 5.0 G dendrimers. The result of these studies has signified 
the ability of the drug loaded PEGylated PPI 5.0G dendrimer to 
alter the pharmacokinetics of drugs and it is efficacy to be used 
as sustained drug delivery system.
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Organ System
Concentration (ng/ml) at Different 

Time Interval
4 hr 8 hr

Liver 
A 224 ± 2.3 129 ± 4.1

B 122 ± 1.6 170 ± 2.7

Kidney 
A 303 ± 2.6 201 ± 5.9

B 123 ± 4.7 90 ± 7.2

Lung 
A 121 ± 5.2 82 ± 4.3

B 105 ± 7.4 274 ± 6.5

Spleen 
A 126 ± 3.8 258 ± 3.4

B 108 ± 7.1 216 ± 3.9

Table 1 The Prednisolone level attained at various time intervals in 
different organ.
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